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GRANDSON AND TRIPLE GREAT GRANDSON OF MONKEY— 
FOUNDERS OF THE NEW BREED 


Figure 1 


The Santa Gertrudis breed of cattle was evolved from a cross between the Brahman and 
Shorthorn breeds. It is admirably adapted to the hot semi-arid conditions in Texas. Tipo 
(above) is the son of Santa Gertrudis I (Figure 2) and the grandson of the famous foundation 
bull, Monkey. His son Coton (below) is a triple great grandson of Monkey. The system of 
controlled inbreeding and selection followed in forming the Santa Gertrudis breed has fixed a 
new type in less than thirty years. 
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THE SANTA GERTRUDIS BREED - 


The Genesis and the Genetics of a New Breed of Beef Cattle 
A. O. RHoaAD 


Inter-American Institute 


NE of the most noteworthy con- 

tributions to livestock breeding 

has been the creation and guided 
development of the Santa Gertrudis 
breed of beef cattle. This is the first dis- 
tinctively North American breed of 
bovines. It was conceived in the neces- 
sity of finding a type of beef animal 
better suited than existing types to spe- 
cific ecological conditions of South 
Texas. It has progressed through the 
usual steps of development of any new 
synthetic variety of plant or breed of 
animals, namely : 

1) an exploratory phase that involved 
various hybrid crosses, in the present case 
Bos taurus and Bos indicus; 2) the selec- 
tion and progeny testing of the most 
promising hybrids; 3) the inbreeding to 
the best individual; 4) multiplication of 
the progeny of the best individual; 5) 
recognition of a type derived from this 
procedure as a new and distinct breed. 
The original exploratory crosses be- 

tween Bos taurus <X Bos indicus were 
made in 1910. That an interval of only 
thirty years elapsed before the estab- 
lishment of the Santa Gertrudis’ strain 


,asa a breed in 1940 has been due 
6S 


veral fortunate circumstances. 
Sound genetic principles and breeding 
practices have been applied to abundant 
working material, namely a herd of ap- 
proximately 50,000 cattle on the King 
Ranch of Texas. The Ranch is the 
property of the Kleberg family and 
throughout the “experiment” the plan- 
ning and supervision has been directly 
under Mr. Robert J. Kleberg, Jr. 


The Genesis of the Santa Gertrudis 
Breed 


Less than a century ago the cattle 


*Turrialba, Costa Rica, Central America. 


of Agricultural Sciences* 


of this region were the half-wild des- 
cendants of cattle brought to the Amer- 
icas by the early Spanish colonists. 
These “Texas Longhorns” roamed a 
vast unfenced area of flat, or rolling, 
brush-covered, tick-infested country. 
Sculptured by the struggle to survive in 
this arduous environment, a type evolved 
that was hardy, a good “rustler,” adapt- 
able to life in the semi-arid, sub-tropical 
country, and capable of long treks to 
distant markets. But in type and con- 
formation they would not compare fa- 
vorably with present-day American 
standards of beef cattle. 

The King Ranch, established in 1851, 
was originally stocked with approxi- 
mately fifty thousand head of these 
Texas Longhorns and this stock con- 
tinued as the base of the ranch opera- 
tions for about thirty years. (Figure 
4A). Between 1880 and 1885 purebred 
bulls of the Shorthorn and Hereford 
breeds were introduced. This was the 
beginning of a grading up period that 
was continued for 30 to 35 years, during 
which time top-cross generations were 
bred to Shorthorn and Hereford bulls. 
In order to supply the ranch with stud 
bulls for use in the grading-up program, 
purebred herds of Shorthorn and Here- 
ford were established. Eventually there 
were approximately 5,000 purebred 
Shorthorns and 2,500 Herefords in these 
herds. They were kept separate from 
each other and from the large grade 
herds. (Figure 4B). 

The purebred herd of Shorthorns 
eventually became the foundation herd 
of the Santa Gertrudis breed. 

Continuous grading-up to the Short- 


This paper was presented at the Eighth Inter- 


national Congress of Genetics, Stockholm, Sweden, July 7-14, 1948. 

fIn this work Mr. Kleberg was ably assisted by his brother Richard Kleberg, his cousin, 
Caesar Kleberg, and by Dr. J. K. Northway, DVM. Mr. Kleberg holds an Honorary Doctor 
of Science degree from Texas Agricultural and Mechanical College for his work in improving 


Texas agriculture. 
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SANTA GERTRUDIS I 
Figure 2 
Son of foundation sire Monkey, and himself prominent in the genesis of the new breed, he 
is a good example of the conformation of this new breed which bears his name. Under range 
conditions these cattle are able to maintain an excellent beef conformation. 


horn: and Hereford changed the charac- 
ter and class of the cattle on the King 
Ranch. What the herds gained in breed 
characteristics and beef type they lost in 
hardiness, reproductiveness and rustling 
ability. These lost qualities were, and 
still are, very important to successful 
ranch operations under conditions of 
Texas. They had to be restored. 

By 1910 Zebu or Indian cattle (Bos 
indicus) were beginning to be used in 
Texas on a few scattered ranches. Vari- 
ous breeds had been imported—Nellore, 
Guzerat, Krishna Valley, Gir and _ per- 
haps others. In the United States they 
were not retained as pure breeds. They 
were crossed with purebreds and range 
cattle of European origin (Bos taurus). 
Eventually out of these crosses there 
was developed the American Brahman. 
These cattle emphasized a beef type of 
conformation rather than the Indian 
breed types, but the distinctive Bos in- 
dicus characteristics of coat color and 


hardiness to tropical climatic conditions 
were retained. 

The first exploratory cross on the 
King Ranch with the Brahman was made 
in 1910. The sire used was a h~!fbred 
Brahman-Shorthorn bull presented as a 
gift by the Tom O’Connor Ranch of 
Texas. This bull became known as the 
O’Connor bull and was destined to play 
an important part in the development of 
the Santa Gertrudis breed. He was a 
large, almost black, bull and showed con- 
siderable Nellore breeding. He was 
turned in with the herd of purebred 
Shorthorns (Figure 4C). All his male 
offspring were castrated except one red 
calf named Chemmera. All the desirable 
female offspring were mated back with 
the Shorthorn bulls. Chemmera was al- 
so mated with purebred Shorthorn cows. 
Several years later all the female off- 
spring of the O’Connor bull were sepa- 
rated from the herd and placed in a pas- 
ture with the red bull, Chemmera. 
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TRUE TO TYPE 


Figure 3 


Less than thirty years after the birth of the foundation sire, Monkey, the new breed displays 
remarkable uniformity with respect to color and conformation. 


For several years, or until 1918, ob- 
servations were made under range con- 
ditions, comparing the performance of 
the Brahman-Shorthorns with the pure- 
breds, both Shorthorn and Hereford. 
The comparisons were so favorable to 
the Brahman-Shorthorns in growth, 


thriftiness and grazing ability that it 
was decided to embark on an ambitious 
long-time program of incorporating these 
desirable qualities of the Brahman into 
all the cattle on the ranch. Also, during 
the exploratory period, backcrossing to 
the purebred Shorthorn had not given 
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BREED HISTORY OF THE KING RANCH 
Figure 4 

Established in 1851, the King Ranch began operations with some 50,000 head of Texas 
Longhorn cattle of Spanish origin (A). Forty years later a grading up program was begun to 
shift the herd over to Herefords and Shorthorns (B). These did not prosper under Texas 
conditions and after twenty years Brahman blood was introduced (C). By 1918 the need for a 
new breed was envisioned (D). This began to take form when the bull Monkey was chosen as 
its chief progenitor. 
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THE SHIFT TO SANTA GERTRUDIS 


Figure 5 


By 1923 the change-over from Herefords and Shorthorns to cross-bred Brahmans was well 
under way (£). At the same time in smaller pilot herds, the breeding of the new Santa 
Gertrudis type was proceeding (Ff). By 1940 the Santa Gertrudis had been recognized as a 
new breed (G). Since 1940, exclusive use of the Santa Gertrudis bulls is shifting the genotype 
of the entire herd from the older breeds to the Santa Gertrudis (7). 
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BREEDING OF IMPORTANT SANTA GERTRUDIS BULLS 


Figure 6 


The pedigrees of bulls shown in Figures 1, 2, and 3 are shown here. By conservative line- 
breeding to Monkey and Santa Gertrudis I, a concentration of the genes of Monkey and his 
selected sons has been achieved without a dangerously high rate of inbreeding. 


indications of further improving the class 
of range cattle. Plans were made to de- 
velop a new breed from the Brahman- 
Shorthorn cross with the proportion of 
about three-eights Brahman to __five- 
eighths Shorthorn. 

Accordingly, in 1918 fifty-two select 
Brahman bulls were purchased from A. 
P. Borden of the Pierce Estate, Texas. 
These were three-fourths to seven- 
eighths Bos indicus showing various 
amounts of Nellore, Krishna Valley and 
Guzerat breeding although the Nellore 
was more evident. At that time no pure- 
bred Bos indicus was available in the 
United States. The fifty-two bulls were 
divided among eight different breeding 
herds of purebred Shorthorn (Figure 
4D). 

About seven hundred desirable first 
cross heifers were selected from the first 
crop of calves. All of these were red in 
color. During each of the five succeed- 
ing years, a similar number of selected 
firstcross red heifers was added to the 
halfbred herd. After these five years, 
the yearly increment of firstcross heifers 
decreased, but a large number of first- 
cross heifers and bulls was available 
from which to make selections. 

Kleberg’s breeding plan with the first- 
cross offspring called for a radical de- 
parture from the recommended breed- 


ing practices of that period. His plan 
required the mating of firstcross heifers 
with firstcross bulls, referred to as the 
“F, inter se matings.” Accordingly, suit- 
able red firstcross bulls were mated to 
selected red firstcross heifers. These 
were grouped to avoid inbreeding. The 
offspring of the F, inter se matings, the 
“Fy, generation,” are the “double cross” 
animals in the pedigree (see Figure 6). 
The objective in the Fe. or “double 
cross” generation was to obtain bull 
calves, which would be red in color, and 
superior to the Brahma x Shorthorn 
firstcross. Selection among these: red 
bulls would furnish the sires for further 
breedings. 

It took several years for the best in- 
dividual firstcross bull to be singled out. 
This bull became known as Monkey. 
The program of inbreeding to Monkey 
marked the real foundation of the Santa 
Gertrudis breed. 

An account of Monkey’s origin is of 
interest. Two of the fifty-two Borden 
bulls (see above), Chiltipin and Vino- 
tero, the latter of Guzerat type, but 
showing traces of Nellore, Krishna Val- 
ley and Sind characteristics, were each 
placed with fifty specially selected pure- 
bred Shorthorn heifers, descendants of 
Lavender Viscount. These two selected 
herds were moved from time to time, 
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INBREEDING TO MONKEY AND ESPUMA 
Figure 7 


The four sons of Monkey by the cow Espuma were all excellent bulls, though Santa Ger- 


triudis I was the most important. 


Here the inbreeding is more intense to Monkey, and sec- 


ondarily to Espuma, with outcrossing to Bob Tail. 


due to range or drought conditions. In 
this way they came in contact with the 
few milk cows retained on the ranch. 
These cows were always found near the 
division foreman’s quarters. Kleberg? 
has stated that, “In the case of the Vi- 
notero bull, he at one point was mated 
to a cow in the milk herd of the Lau- 
reles division. This particular cow car- 
ried about one-sixteenth of Brahman 
blood which had come down to her from 
the original O’Connor bull through his 
son Chemmera. This cow was a very 
good ranch milk cow, was blood-red in 
color with white under-markings, and 
her bull calf from the mating with the 
Vinotero bull turned out to be the fa- 
mous sire of the Santa Gertrudis breed, 
named Monkey.” He was branded in 
the fall round-up of 1920 and turned 
into the breeding herd in the spring of 
1923. 

Monkey was an outstanding individ- 
ual as a calf. His development into a 
herd sire was watched with particular 
interest. When he was first turned into 
the breeding herd he was given the best 
sixty firstcross red heifers available. 
Monkey’s first calves demonstrated his 
exceptional transmitting ability, both in 
good fleshing qualities and cherry red 
color. His calves were outstanding in 
comparison to other calves on the ranch, 


either those from Brahman bulls and, 


Shorthorn cows or those from firstcross 
bulls and firstcross heifers. As soon as 
his breeding worth was evident a pro- 
gram of inbreeding to him was initiated 
(Figure 5£). 

When Monkey’s sons and grandsons 
were available for breeding, they were 
placed with firstcross and doublecross 
heifers. In his lifetime, Monkey had 
more than 150 useful sons. He died in 
1932. In order to facilitate the program 
of multiplication and selection, Kleberg 
set up a system of single-sire and multi- 
ple-sire herds. Monkey and his best 
sons were placed in single-sire herds. 
His other sons, and later his grandsons 
out of best sons, were placed in multiple- 
sire herds. There was some movement 
of selected females from the multiple- 
sire herds into the single-sire herds 
(Figure 5F). This unique system of 
herd arrangement permitted progeny 
testing of single-sire herds which was 
based on a total score system and 
thereby controlled the inbreeding pro- 
gram. It kept the line open through 
transfer to single-sire herds of selected 
females from multiple-sire herds or of 
selected first and doublecross females, 
the progeny of other Brahman bulls. It 
also supplied Monkey-bred bulls to the 
large commercial herds of high-grade 
Shorthorns and Herefords. 

While Monkey’s offspring were in- 
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AT HOME ON THE RANGE 
Figure 8 
On the hot semi-arid ranges of Texas, where the British Shorthorns and Hereford cattle 
failed to prosper, the Santa Gertrudis breed is able to maintain itself excellently. 


creasing in numbers, the larger high- 
grade Shorthorn herds were mostly 
bred to firstcross and “double-cross” 
Brahman Shorthorn bulls all of which 
originated from the purebred Shorthorn 
herds. However, numerous straight- 
bred Brahman bulls of Borden and Mc- 
Fadden breeding were placed with the 
high-grade Shorthorn cows. They were 
replaced as rapidly as possible with first- 
cross and “double-cross” bulls. Six 
hundred Brahman bulls of Hudgins 
breeding, Guzerat type descendants of 
the 1924 importation, were used in the 
cross-breeding scheme with the high- 
grade Hereford herds (Figure 5£). 
Only a few Hudgins bulls were used in 
the purebred Shorthorn herd and these 
were used only for a limited period. In- 
stead, the King Ranch developed its own 
herd. This consisted of about 150 Brah- 
mans needed to supply bulls for the 
final stages of crossbreeding with the 
purebred Shorthorns. This Brahman 
herd was made up of heifers from the 
McFadden Ranch and bulls of predomi- 
nantly Nellore breeding from the Bor- 
den Ranch. 

The 22 years between 1918 and 1940 
were the most active period in the cross- 
breeding program. Remnants of the 


purebred Shorthorn herd which were 
still producing firstcross offspring were 
on the ranch as late as 1933, and Here- 
fords as late as 1940. Herds of several 
thousand head of firstcross and “double- 
cross” cows were being mated to simi- 
larly bred bulls as well as to Monkey 
and his sons. In various single-sire and 
multiple-sire herds an intensive inbreed- 
ing program to Monkey was under way. 
The larger commercial herds were being 
crossed with Brahman bulls as well as 
with firstcross and doublecross bulls. 
Consequently there was considerable 
overlapping of the various phases of the 
development program, each of which in- 
volved thousands of cattle. To arrive at 
the desired ends, a well-conceived breed- 
ing plan was required as well as unusual 
managerial ability. Especially was this 
true because the crossbreeding and 
breed-building program was superim- 
posed on the normal operations of the 
King Ranch as a commercial livestock 
enterprise. 

In 1940, the Santa Gertrudis breed 
was Officially recognized by the United 
States Government as a new breed of 
Beef Cattle. This was only 30 years 
after the exploratory matings with the 
O’Connor bull on purebred Shorthorn 
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cows. The production of a type having 
uniform and distinct characters, and 
valuable aptitudes in this short time is a 
noteworthy achievement, (Figure 5G). 

In order to permit an appraisal of the 
planning and work involved in develop- 
ing the Santa Gertrudis breed, an analo- 
gy may be drawn from the automobile 
industry. This industry, working with 
moulded metals, can retool in a few 
months and bring out a new improved 
model. The King Ranch, working with 
germ plasm, sexual reproduction and a 
species requiring three years per gen- 
eration, required thirty years to retool 
in order to bring out a new, improved 
model. This is the Santa Gertrudis 
breed. 

The breed derives its name from the 
Santa Gertrudis Land Grant which was 
originally conferred by the Crown of 
Spain. The Land Grant is now the head- 
quarters division of the King Ranch. The 
original purebred herds of Shorthorn 
were maintained on the Santa Gertrudis 
division and all purebred Santa Ger- 
trudis cattle can be traced from these 
herds and from Monkey. At the present 


time, 1948, there are approximately 


seven thousand head of purebred Santa 
Gertrudis on the headquarters division. 
This herd is divided into ten single-sire 
herds and nine multiple-sire herds, 
thereby continuing the program of pro- 
geny testing, selection and multiplica- 
tion (Figure 5H). More than fifteen 
hundred purebred Santa Gertrudis bulls 
are being used in grading-up the com- 
mercial herds on the King Ranch. 
Many hundreds of Santa Gertrudis 
bulls have been sold from the ranch for 
grading-up beef cattle herds in the 
United States and Central and South 
America. To date purebred females have 
not been sold from the King Ranch. 


The Genetics of the Santa Gertrudis 
Breed 


A study of 55 randomly selected pedi- 
grees from the 1947 calf crop illustrates 
the breeding methods used in the forma- 
tive period of the Santa Gertrudis breed. 

Figure 6 is a composite pedigree 


showing the breeding of some of the - 
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best bulls in use at the present time and 
also the genetic composition of some of 
the cow herds. The upper half of the 
pedigree shows the line of descent from 
Monkey to some of the more prominent 
contemporary sires. These sires are the 
product of single-sire herd matings. The 
lower half of the pedigree shows the line 
of descent from Monkey of various cow 
herds, the products of multiple-sire herd 


‘matings. The pedigree also shows the 


movement of selected females from the 
multiple-sire herds to single-sire herds. 
Some examples are cow M4, the dam of 
Tipo; cow 124, the dam of Coton; and 
cow W525, the dam of Rapido. 

The composite pedigree also shows 
how control breeding was effected in 
large multiple-sire herds. For example, 
the 28,000-acre Canelo pasture, origin- 
ally contained one of the large purebred 
Shorthorn herds. Brahman bulls were 
run with this herd and the halfbred fe- 
male offspring were placed in the Rin- 
con pasture with sons of Monkey in or- 
der to form one of the multiple-sire 
herds. The offspring became known as 
the Rincon cows. These in turn were 
bred to grandsons of Monkey by sons of 
Monkey out of double-cross cows. The 
offspring of this mating were turned in- 
to the Santa Cruz pasture and are known 
as Santa Cruz cows. These cows are 
the products of multiple-sire control 
‘matings. 

After the cow herds were established 
and the pastures properly stocked, only 
selected females were moved from the 
pasture to single-sire herds. A  sys- 
tem of letter and number branding 
was set up. In this way offspring of 
bulls of a given pedigree within a cow 
herd could be identified. The genetic 
composition of the multiple-sire herds 
was then controlled by replacing all the 
bulls of one pedigree type, sons of Mon- 
key for example, with bulls of another 
pedigree type, for example, the sons of 
St. Gertrudis I. 

Table I gives the coefficient of in- 
breeding of the sires and of R70, one of 
the recent calves by Rapido. (See Fig- 
ure 6.) 

Pedigree data are available for four 
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of the nine multiple-sire herds in the 
present program. These are too few to 
permit conclusive statements on the ge- 
netic composition of the Santa Gertrudis 
breed. Table I, however, shows the 
range of inbreeding that is found in a 
few of the prominent individuals. It 
should be noted that these individuals 
represent many, in some cases hundreds, 
of similarly bred animals. The smaller 
herds, such as the Partidos, Mota Hui- 
eache, and Creek have approximately 100 
cows. The medium sized herds such as 
the Upper Little Pasture and Lower 
Little Pasture contain approximately 
200 and 400 cows respectively. The 
large multiple-sire herds such as the 
Santz Cruz and Rincon have approxi- 
mately 700 cows, while the largest pas- 
tures, namely the Canelo and the Lagu- 
na Larga, have approximately 3,000 
cows. All of these followed a breeding 
program such as that outlined in Fig- 
ure 6 


Because all purebred Santa Gertrudis 
can be traced back to Monkey, the true 
sire of the breed, any random matings 
within the breed would involve some de- 
gree of inbreeding. For this reason a 
study of inbreeding coefficients has lim- 
ited significance as a measure of the de- 
gree of homogeneity that the breed has 
attained. The coefficient of relationship 
of individuals to the breed average and 
to each other is a more satisfactory 
measure. Since the number of pedigrees 
in this study is too small to make a de- 
tailed breed analysis, no conclusions on 
this phase of the breeding program can 
as yet be made. However, as the off- 
spring of Tipo, Coton and Pop Eye with 
W-cows (Figure 6) represent several 
hundred individuals in the present herd, 
a study of the coefficients of relationship 
of these animals and their offspring is 
of interest. These are given in Table II. 

The decreasing coefficient of relation- 
ship of the sires to W-cows as they re- 
cede from Monkey is expected. How- 
ever, when Tipo, a second generation 
bull, was mated to a fifth generation 

“cow, W525, and produced the bull 
Rapido, the relationship coefficient of 


The Journal of Heredity 


Rapido to his generation is maintained 
at a rather high level of approximately 
20 percent. This approaches the breed 
inter-se relationship of 22 percent that 
McPhee and Wright? found in the 
Shorthorn breed as of 1810, twenty 
years after ‘the birth of the bull Favour- 
ite, considered the sire of the Shorthorn 
breed. By continuing to follow a close 
inbreeding scheme, it is possible that the 
breed inter-se relationship in the Santa 
Gertrudis will approach the 39.5 per- 
cent breed inter-se coefficient of modern 
Shorthorns. Approximately one hundred 
years of continuous inbreeding within 
the Shorthorn breed was required to 
raise the relationship to this level. Pos- 
sibly it could take less time in the Santa 
Gertrudis to raise the breed inter-se re- 
lationship to the same level. 

Although close inbreeding and line- 
breeding to Monkey and his descendants 
was the basis of the breeding plan in 
the development of the Santa Gertrudis 
breed, some inbreeding to females and 
one outcross have been made. An ex- 
ample of inbreeding to a female and the 
one outcross are shown in Figure 7. It 
is a composite pedigree of some recent 
calves. 

Espuma, a halfbred cow by a Brah- 
man bull out of a purebred Shorthorn 
cow from the Canelo pasture, was the 
dam of four sons by Monkey. The old- 
est of these bulls, St. Gertrudis I, was 
one of the best sons of Monkey. He 
played an important part in the develop- 
ment of the breed. The other three sons 
out of Espuma by Monkey were named 
Santa Gertrudis II, III and IV respec- 
tively. Espuma was bred to her own 
son, Santa Gertrudis II to produce the 
heifer S208. This daughter of Espuma 
was sired by a son of Espuma and was 
bred to Coton, a great grandson of Es- 
puma, to produce the bull Pinto. Pinto 
in turn was bred to his half-sister, cow 
99, out of S208 and by a half-uncle by 
Tipo. The product of this mating is the 
heifer calf | 830, 15.6 percent inbred 
to S208; 11.03 percent inbred to Es- 
puma, 3.3 percent inbred to Tipo and 
3.7 percent inbred to Monkey. This is 
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a total of 33.6 percent inbreeding. An- 
other example of inbreeding to a female 
is shown in Figure 6. Rapido was bred 
to his dam to produce the heifer R70. 
See Table I for inbreeding of R70. 
Only one outcross of Brahman xX 
Shorthorn on Santa Gertrudis cattle was 
ever tried. This was through the male 
line. An excellent type of Hudgins 
Brahman bull was mated to a milk cow. 
She was one-eighth Brahman and seven- 
eighths Shorthorn, and produced the 
Bob Tail Bull. He was bred to daugh- 
ters of Santa Gertrudis I and to dou- 
ble granddaughters of Monkey. Most 


of the sons of the Bob Tail Bull were. 


castrated but a few exceptional ones 
were used in the grade commercial 
herds. The approximate number of his 
daughters was one hundred. These were 
bred to sons of Tipo for the most part. 
Because this outcross showed no im- 
provement over the straight bred Santa 
Gertrudis, his offspring have not played 
a prominent part in the development of 
the breed. 


Summary 


The Santa Gertrudis breed of beef 
cattle originated through the necessity 
of finding a beef type animal which was 
better suited to the climatic and range 
conditions of South Texas. It is the 
first distinctive American breed of cat- 
tle. The breed was developed through 
a plan set up and supervised by Robert 
J. Kleberg, Jr., manager and part own- 
er of the King Ranch, Texas. 

The Santa Gertrudis breed is the re- 
sult of a species cross of Bos indicus 


TABLE I. Coefficient of Inbreeding of Some Promi- 
nent Sires and Heifer Calf R70. 


Percent St. 
Inbreed- Gert. Tipo Coton Polve- Pop Rapido R70 


males X Bos taurus females. The for- 
mer is represented by the American type 


‘Brahman and the latter by the purebred 


beef-type Shorthorn. The breed was de- 
veloped from the first cross generation, 
but because the Brahman bulls used 
were three-fourths to seven-eighths Bos 
indicus, the breed is considered as three- 
eighths Brahman and five-eighths Short- 
horn. 

Several distinct periods ate recog- 
nized in the development of the breed. 
1910 to 1918 was an exploratory period 
when the O’Connor halfbred Brahman- 
Shorthorn bull was placed with a herd 
of Shorthorns and the performance of 
his offspring compared with the straight 
bred Shorthorn and Hereford cattle un- 
der range conditions. Because the per- 
formance of the Brahman-Shorthorns 
was superior to the other cattle, the 
crossbreeding program was extended in 
1918 to include all purebred Shorthorns 
on the ranch. A program of selection 
for beef type and red color was initiated 
within the Brahman-Shorthorn. The 
object was the development of a new 
breed from their progeny. 

Early in the augmented crossbreed- 
ing program a Brahman bull named 
Vinotero showing Guzerat, Nellore and 
some Sind characteristics sired, out of a 
one-sixteenth Brahman cow, a red bull 
calf. This was to mark the real begin- 
ning of the breed. This outstanding 
bull became known as Monkey. A pro- 
gram of closebreeding and linebreeding 
to Monkey and his offspring was ini- 
tiated and has continued to the present. 
To facilitate this program a unique sys- 


TABLE II. The coefficients of relationship between 
Tipo, Coton and Pop Eye to W cows and of their 
offspring to each other. 


ing to I ado Eve Relationship Coefficient 
Monkey 0 6.25 11.72 7.22 4.58 4.68 2.34 parents 
Santa Tipo to W525 : 
Gertrudis 0 0 0 0 0 7.81 3.90 
Tipo 0 0 0 13.27 13.27 0 0 Pop Eye to W550 18-7 
Sons of Offspring 
Monkey 0 0 6.25 3.25 156 F02 ~ 3:54 Rapido to L 800 22.8 
0 0 0 0 0 25.00 Rapido to E48 
Total 09 425 $7.97 23.74 19.41 19.51 34.75 F48 to L 14.7 


*The author wishes to acknowledge the kind assistance of Dr. Robert J. Kleberg, Jr. and 


of Dr. J. K. Northway, of the King Ranch for their invaluable help in furnishing the infor- 


mation and material used in this study. 
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tem of single-sire and multiple-sire 
herds was set up. This contributed 
greatly to the rapid establishment of the 
breed. The Santa Gertrudis, named 
from the Santa Gertrudis division of the 
King Ranch, was officially recognized 
as a new and distinct breed in 1940. 
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A COLOR-BLIND MOTHER AND SON 


ECENTLY a young woman of 
R twenty-five years of age and her 

five-year-old son were brought 
to me for a color-blind examination. The 
individual who brought them was a for- 
mer student of mine who believed that 
the young lady was color-blind, but that 
her son, who should be color-blind ac- 
cording to sex-linked inheritance, was 
not. 

The woman had not previously been 
tested, but had been suspected of this 
condition because of her reaction to col- 
ors. She stated that she did not believe 
she was color-blind when questioned. 
She first was given the yarn test (de- 
vised by Holmgren) in which I asked 
her to pick out the different colors and 
place them in piles of their respective 
colors. When she finished, she had three 
piles of yarn. I asked her into what 
colors she had placed them and she de- 
scribed one pile as red, the second as 
“light” and the third as “dark.” She 
was correct on the red but only to a 
degree. The reds she had correctly 

laced were the brilliant shades. The 
ight shades of red and the pinks were 
in the “light” pile with all the pastel 
shades of blue, green, grey, and brown, 
while the deep shades of red were in the 
“dark” pile with all the other dark 
shades of blue, grey, green, and brown. 

Following this assortment, the skeins 
were mixed and individual colors were 
selected for her identification. Again 
she named the bright shades of red cor- 
rectly but called the pastel shades of all 
colors “white” even when held against 


a white background. The deeper shades: 


of all colors were again simply classified 
as “dark.” 


We then used the Ishihara test and 
found that she was completely unable to 
pick out the variously colored numbers 
either from their complementary colored 


background or when in a contrasted 


field, nor could she follow the color 
dotted lines through a color dotted field. 

We next gave the five-year-old son 
the yarn color test and found that he 
could select colors remarkably well. He 
had no trouble in correctly separating 
all bright and deep shades of colors, but 
was unable to classify the pastel shades. 
After repeatedly being shown the yarns 
in different order and with different 
backgrounds it was obvious his color 
perception acuity was far superior to 
that of his mother’s. 

The boy did not know his numbers 
so we permitted him to follow the dotted 
lines of the Ishihara test. In all cases 
he did it successfully, except again in 
the pastel shades where he was unable 
to visualize any difference between the 
lines and background. 

The young mother is one of the most 
completely color-blind individuals ever 
to come to the writer’s attention and 
one of the very few women he has 
known to be color-blind. Her son obvi- 
ously has inherited the color-blind gene 
from his mother, although the degree of 
color-blindness is conspicuously differ- 
ent. 

Our attempts to trace the history of 
this pedigree further have not been suc- 
cessful due to the fact that both of the 
young mother’s parents are deceased. 
When asked if her parents were color 
blind she said, “No,” but then she did 


not believe she was color-blind either. 
Howarp J. DITTMER 
University of New Mexico 


THE MIDDIGITAL HAIR GENES 
Their Inheritance and Distribution among the White Race. 


MarIANNE E. BERNSTEIN 


ANFORTH® has shown that hu- 
ID mans vary as to the presence 

and distribution of hair on the 
middle phalanges of the fingers. He pre- 
sented data on 80 families with a total 
of 178 children which proved that com- 
plete absence of middigital hair is a re- 
cessive trait. He has also shown that the 
recessive phenotype is much more fre- 
quent among colored races than among 
the white race. Apes and monkeys were 
found to have middigital hair on all four 
fingers. Danforth therefore concludes 
that there is an evolutionary tendency 
towards the freeing of the hand from 
middigital hair. 

In an earlier paper! the author pre- 
sented evidence that the distribution of 
middigital hair on the four fingers of the 
human hand is controlled by a set of five 
alleles of the A gene. These were named 
Ao, A1, Az, Az and Ag (arranged in 
order of increasing dominance), the sub- 
script corresponding to the number of 
fingers with middigital hair. A person 
lacking all middigital hair would have 
an Ao Ao genotype. The A; phenotype 
usually has hair on the ring finger; the 
Az phenotype has hair on the ring and 
middle fingers. In the A3 phenotype 
the index finger usually is free from 
hair. Danforth® has shown that other 
combinations and asymmetries occur in 
less than five percent of his cases. In 
the former paper of Bernstein and 
Burks! we have explained that manual 
work may cause hair to be rubbed off 
and the opening of the follicles to be 
obscured. It is interesting to note that 
in the As phenotypes the little finger 
usually bears the least number of hairs 
and the ring finger the greatest number 
of hairs, even though the middle finger, 
being the largest in size, bears the great- 
est number of hairs on the proximal 
segment of the finger. 

With the use of Cotterman’s‘ formula 
for testing unit factor inheritance in data 


comprising but a single generation, Bern- 
stein and Burks? tested the proposed 
allelic mode of inheritance of middigital 
hair on sibling pair data collected by 
Burks. * Deviations from the expected 
frequencies of sibling pair combinations 
were found to be very small for most of 
the corresponding comparisons ; the chi- 
square test indicated that deviations of 
the size obtained may legitimately be 
attributed to chance variation of sam- 
pling. 

Snyder® has developed formulae for 
testing a monomeric inheritance hypo- 
thesis involving dominance on two- 
generation family data. The Burks’ 
family data used in the earlier paper? 
were not extensive enough to allow such 
testing for all possible parental combina- 
tions. Furthermore, Snyder’s formulae 
presuppose random mating for many 
generations resulting in panmixy. The 
Burks’ family data consisted mainly of 
Irish, Italian and Polish immigrant 
families. These data may not constitute 
a panmictic sample; for Bernstein and 
Burks! have shown that the average 
number of fingers with middigital hair 
differs among Italian, Irish and English 
subgroups. 


A Survey of European Population 


On the foreign student body of Syra- 
cuse University and the foreign diplo- 
matic corps in Washington, the author 
carried out an anthropological study of 
the geographical and racial distribution 
of the five middigital hair phenotypes in 
the hope of finding a locale in the Old 
World where all five middigital hair 
phenotypes occur side by side. The 
population in such a locale should be 
panmictic with respect to middigital hair, 
since matings for this character are non- 
selective. 

The results of this anthropological 
study are published in the form of a map. 
It shows the distribution of the A3, Ao, 
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DISTRIBUTION OF HAIR GENE ALLELES 


Figure 9 


Ao, the recessive of a series of four alleles, conditions absence of hair on the middle joint of 


the finger. 


and the A; gene in Greek Orthodox countries. 


The Az gene is concentrated in Protestant regions, the Az in Roman Catholic areas, 


Further exploration of the distribution of the 


four alleles should throw interesting light on the origin of various racial groups. 


A, and Apo middigital hair phenotypes 
for those parts which are inhabited pri- 
marily by members of the white race. 
Though the number of cases examined 
in this anthropological study has been 
quite small (about 200 cases) few ex- 
ceptions were found to the middigital 
hair phenotype typical for a country or 
part of a country. Hence it is believed 
that these phenotypes are representative 
of those regions of the Old World for 


which they are entered on the map. 
When we consider the non-selective na- 
ture of this character the consistency of 
the results is noteworthy. 

We conclude: (1) that the A; pheno- 
type seems centered in North Europe; 
(2) that Ay phenotype seems centered 
in the Western Alps, spreading out to 
Southern Germany and Northern Italy ; 
(3) that the A, phenotype seems cen- 
tered in Southeastern Europe; and (4) 
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that Ao phenotype, besides occurring in 
Ireland and Northeastern Sweden (Lapp 
influence?) is most frequent in the 
Mediterranean countries. More exten- 
sive studies in the Old World itself 
might reveal that the As phenotype is a 
characteristic of the Nordic branch of 
the white race, that the A» phenotype is 
a characteristic of the Alpine branch of 
the white race and that the do phenotype 
is a characteristic of its Mediterranean 
branch. 

Most remarkable is the occurrence of 
the A; phenotype in Iran. The Iranians 
claim to be direct descendants of the 
legendary Indo-European Urstamm.® As 
tar as middigital hair is concerned, this 
claim of the Iranians seems fully sup- 
ported; their middigital hair phenotypes 
are the same as those of North-Euro- 
peans, and quite distinct from those of 
their Turkish and Indian neighbors who 
are mostly of the Ag or A; phenotypes. 
The above findings may lead us to as- 
sume that the legendary ancestral Indo- 
European, living somewhere in Central 
Asia, was homozygous for the A3 mid- 
digital hair gene, and that the A», A; 
and Ap genes of some of the branches 
of the white race arose by mutations 
sometime after these subraces left Cen- 
tral Asia. 

The anthropological data as collected 
by the author include only nine people 
with middigital hair on all four fingers, 
coming from five different regions of 
Europe: one each from Scotland, South- 
ern France, Southern Italy, Northeast- 
ern Germany, two cases from Norway 
and three cases from Ireland. If a more 
extensive middigital hair study on the 
European continent substantiates these 
findings, we may come to conclude 
that the 44 phenotype was a character- 
istic of the Upper Palaeolithic white 
man who inhabited all of Europe before 
the Neolithic invasions of Indo-Euro- 
peans from Asia. Coon* has shown that 
racial characteristics of this ancient 
group may still be found in varying de- 
grees among some of the present day in- 
habitants of Europe and Northern Africa 
- especially in South Ireland and in Nor- 
way. 
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These anthropological findings seem to 
rule out existence of an indigenous Old 
World population panmictic for mid- 
digital hair. In view of the fact that the 
Ag gene is concentrated in Protestant 
countries, the Az gene in Roman Catho- 
lic countries, the A; gene in Greek 
Orthodox countries, and the Ao gene in 
Roman Catholic countries and Moham- 
medan countries, neither can we hope to 
find an area in the New World where 
the middigital hair genes would be pan- 
mictic. 

In Biblical times the Hebrews of Pal- 
estine were in the majority a Medi- 
terranean racial type similar to that of 
present-day Arabs*, who either have 
no middigital hair or hair only on the 
ring fingers. Genetic data collected by 
Borison and Finkel? on 68 Jewish fami- 
lies now living in New York City reveal 
that the present-day Jew may have any 
of the five middigital hair phenotypes. 
These data include 17 cases of 44, 147 
cases of As, 83 cases of As, 51 cases of 
A, and 117 persons homozygous for the 
Ao gene. In 21 of the 68 families three 
different phenotypes were observed, i.e. 
the maximum number of different phen- 
otypes possible in a system of monomeric 
inheritance with complete dominance. 
The author concludes therefore that the 
Borison-Finkel middigital hair data are 
as panmictic for middigital hair as pos- 
sible. These anthropological findings on 
middigital hair corroborate the view held 
by many anthropologists® that the an- 
cestors of the present-day Jews have, 
since leaving Asia Minor, intermarried 
to a considerable extent with people be- 
longing to the Dinaric, Nordic and Al- 
pine branches of the white race. 

If inheritance of middigital hair is 
controlled by the set of four multiple al- 
leles Ag<A1<A2<A3, as we propose, 
then in matings of two persons with the 
dominant phenotype, the number of chil- 
dren with the recessive phenotype can 
be computed by Snyder’s® formula: 
N(q/l+q)? where N stands for the 
number of children resulting from such 
matings, and q is the incidence of the 
recessive gene, i.e. the square-root of 


‘the percentage of recessive phenotypes 
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in the total sample of parents and chil- 
dren. However, if the distribution of 
what we consider the recessive pheno- 
type is random in the offspring popula- 
tion, then Nq? children should have this 
“recessive” phenotype. 

Similarly, if N is the number of chil- 
dren in families where one parent shows 
the dominant, the other parent the reces- 
sive phenotype, then, by Snyder’s® form- 
ula, N(q/l+q) children are expected 
to show the recessive phenotype. Again 
there would be Nq? children with the 
“recessive” phenotype if the trait were 
not hereditary but distributed at ran- 
dom in the offspring generation. 

The results of the above calculations 
are listed in Table I, and there is close 
agreement between the observed number 
of recessive offspring and the number 
expected under the multiple allele hy- 
pothesis in all matings where both par- 
ents are of the dominant phenotype and 
correct diagnosis of the parental pheno- 
type is unmistakable. In matings of two 
recessives (i.e. non-affected) no off- 
spring should be affected; that is, they 
should never have more middigital hair 
than either parent. However, we may 
assume that one or two mothers in these 
matings had done so much washing and 
other housework that the middigital hair 
had been rubbed off and the skin had be- 
come too rough and wrinkled to allow 
detection of follicles. This would ac- 
count for the appearance of children 
with more middigital hair than either 
parent, an occurrence much rarer in the 
well-collected data of Danforth,® all five 
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of such cases being confined to only two 
of his families; i.e. two mothers may 
have been erroneously diagnosed. In 
human males all body hair, including 
middigital hair, is more abundant and 
individual hairs are coarser than in fe- 
males and much harder to remove by 
mere rubbing. Nevertheless, the author 
is familiar with at least one case in 
which the man, a carpenter, had rubbed 
off the middigital hair at work. 

The anthropological findings about 
the distribution of middigital hair pheno- 
types seem to indicate that the muta- 
tions which produced the 42 A; and Apo 
genes in the white race must have oc- 
curred some time after the ancestors of 
the Indo-Europeans split up. It may be 
that these mutations still occur and that 
occasionally an Ay A; or Ap gene re- 
verts back to the As gene. This might 
have been the case in the two families 
of Danforth described above, in which 
five children had more middigital hair 
than either parent. In view of the fact 
that middigital hair genes may be mut- 
able, they should not be used in forensic 
medicine. 


Conclusions 


Danforth® has shown that humans 
vary as to the presence and distribution 
of hair on the middle segment of the 
fingers. The Ap phenotype (no middigi- 
tal hair at all) was observed by the 
author most frequently among persons 
born in the Mediterranean countries and 
Ireland; the A; phenotype (middigital 
hair on the ring fingers only) was found 


TABLE II.—Parental Combina:zions* 


Affected have hair 
on fingers: Both parents affected One parent affected No parent affected 
——Offspring—_ ——Offspring. 
Aff. —Non-aff.— Aff. —Non-aff.— Aff. —Non-aff.— 
2, 3, 4, 5, or Obs. Expt’dt Obs. Expt’d Obs. Expt’d 
3435 8.2T 36.8 T 133 T 
(11 families) (22 families) (32 families ) 830 
2, 3, 4, 5, or 
3, 4,5, 0r 10.3 T 39.77 75 T 
(16 families) (28 families) (18 families) .7180 
2, 3, 4, 5, or 
3, 4, 5, or 18.3 T 29.9 T 9 60 T Ao only 
4 only (31 families) (24 families) (14 families) 


“ Data are a combination of B. S. Burks and Finkel-Borison data, 
f Under expected are two values: T = Theoretical, according to polyallele theory; R = Random, an assumption of random 


distribution. See page 129 for explanation. 


t Estimated combined incidence of genes for non-affected phenotype. 
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most frequently among persons from 
Southeastern Europe; the 42 phenotype 
(middigital hair on the ring and middle 
fingers) was found most frequently 
among persons from the Alpine region 
of Europe; and the A; phenotype (mid- 
digital hair on all but the index fingers) 
was found most frequently among peo- 
ple from Northern Europe and Iran. 
The A, phenotype (middigital hair on 
all fingers) is much rarer than the other 
three phenotypes. Its bearers come from 
all parts of Europe; thus the A, pheno- 
type was assumed to have been a charac- 
teristic of the white man who inhabited 
Europe during the Upper Palaeolithic 
era before the Neolithic invasions of 
Indo-European tribes from Asia, possi- 
bly from Iran. 

The author! previously advanced the 
theory that five allelic genes Ao, Ai, Ae, 
Az and A, control the inheritance and 
distribution of middigital hair involving 
but a single gene substitution (the sub- 
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script denoting the number of fingers 
affected with middigital hair), and that 
the genes for the more affected pheno- 
types are dominant over the genes for 
less affected phenotypes. In the present 
paper this hypothesis was tested on two- 
generation family data constituting a 
more or less panmictic sample. 
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+ 
DICTIONARY OF GENETIC TERMS 


A Review 


HIS book* is billed as a “Dictionary,” 

and in its preface the author makes a stir- 
ring plea for helping “coiners of new words 
to avoid putting an entirely new meaning on 
an old established word. . . . Genetic litera- 
ture would be more readily understood if writ- 
ers had, where possible, used an existing term 
instead of coining a new one.” 

The difficulty with this worthy aim is that 
the book is hardly a dictionary, but rather a 
book-size glossary. Even a rather elementary 
dictionary hints at derivations, but this Knight 
fails to do. For example, take “Monogenic.— 
(i) Producing offspring of only one sex. (ii) 
Hemizygous. (iii) Controlled by a single 
gene; monofactorial. N. monogeny.” We are 
not told who used the word in the two strange 
senses given preference over “(iii) controlled 
by a single gene, monofactorial,” which is in 
the only sense this reviewer ever remembers 
seeing the word used. One would like to be 
able to get back to the basic source of these 
definitions, and see where the priorities lie. 
But this book helps not at all to do this. 

The 162 pages devoted to the glossary in- 


*KnicHT, R. L. Dictionary of Genetics. 
Stechert-Hafner, New York, 1948. $4.50. 


clude over 3,000 terms. In this parade of the 
vocabulary of genetics all the old standbys 
seem to be in line. In such a compilation there 
is always a problem of where to put the 
boundary. Knight seems to have included too 
much. There are many words used in genetics 
which have only their usual meaning. Ex- 
amples of four such inclusions are: “Sex re- 
versal,” “Finalism,” “Quadruplets,” “Fallop- 
jan tube.” Such needless inclusions of routine 
vocabulary might run as high as one word in 
five. There are also a good many fantastic 
terms that geneticists, cytologists, and most 
evolutionists would gladly be spared. ‘“Chirop- 
terophilous” means “pollinated by means of 
bats,” which seems to this reviewer interesting 
but borderline genetics-evolution. “Mega- 
heterochromatic” which means “A species or 
individual which differs from its group in 
having more heterochromatin. Opp. Micro- 
heterochromatic” probably should be included, 
but one cannot avoid a shudder. 

There are a few inconsistencies. The “Sewal 
Wright Effect” is also listed under the 
“Wright, Sewall, Effect.” If we were talking 


Chronica Botanica, Waltham, Massachusetts. 
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about spermatozoa we would have to decide 
which of these spellings would classify as 
“Eupyrene” an adjective meaning “normal with 
reference to spermatozoa.” The idea of having 
different adjectives to use with each noun 
frightens an editor even more than it would 
an ordinary non-genetic layman. 

There are occasional glosserological lapses 
and obscurities. The definition of “coefficient 
of destruction” (“The percentage of progeny 
which must normally be eliminated in order to 
keep the progeny at a given level. [Carpenter 
1938])” got a citation to its author—and right- 
ly. Nobody but the author should bear the 
guilt for that! F,, Fe, Fs are defined as “The 
first, second, and third generation following a 
cross.” This neglects the important limita- 
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tion that to retain the strict Mendelian sense, 
these generations arise from self or inter se 
matings. 

In spite of these quibbles, which except for 
the first, are minor, this is a gallant pioneer 
effort, and badly needed. Many terms—not to 
be found in any dictionary are here defined 
in a manner usually fully congruent with 
current genetic usage. 

There is an extensive appendix which in- 
cludes a chi-square table, and other useful 
mathematical and statistical armamenteria of 
the biometrist. No library, laboratory, or indi- 
vidual seeker after genetic light should be 
without it. But a dictionary of genetics has 
yet to be written. 

R. C. Coox 


+ 
CLOVER-LEAF TONGUES 


N the June 1948 JourNAL oF HERED- 
] ITy, the editor suggested that notes 
on lingual vagaries should be recorded. 
The writer submits such a note on what 
he calls clover-leaf tongue, which to his 
knowledge has not been recorded before. 

The subject is a young lady in her 
early twenties who can protrude her 
tongue and form at its extremity three 
cuplike shallows, the pattern suggesting 
a clover leaf (see Figure 10). She can 
do this without the aid of her teeth or 
lips (although this is not evident from 
the figure) which indicates that the 
clover-leaf formation is produced by 
the action of the intrinsic tongue 
muscles. Neither parent can form a 
clover-leaf pattern. The data are in- 
sufficient to draw any conclusion as to 
the inheritance of the trait. The subject 
herself states that she feels that the abil- 
ity is not hereditary, but can give no 
reason for her opinion. Her husband 
recently and quite suddenly discovered 
that he, too, can form a clover-leaf 
tongue, and thinks he acquired the abil- 
ity by a small amount of practice. That 
practice alone cannot lead to production 
of clover-leaf tongue is shown by the 
fact that the writer, after practicing as- 
siduously before a mirror many times, 
still cannot produce the pattern. The 
subject states that to her knowledge only 
one other person, an elderly man not 
related to her family, can do the same 
trick, which makes at least four persons 
in the U. S. who can form a clover-leaf 


TREFOIL TONGUE 
Figure 10 


At least four people in the United States 


can twist their tongue into this pattern. Are 


there others? 


tongue. The subject and her husband 
can both form tongue tubes, but not the 
“double curl” or “upfold” tongue re- 
ported in the June 1948 issue. 

Mitton Otto Hocu 
Department of Biology 


Western Reserve University 
Cleveland, Ohio 


EUCALYPTUS IMPROVEMENT 


Part I 


C. A. KruG anp A. SILVEIRA ALVES* 


EUCALYPTUS SEED 
Figure 11 


Seeds of Eucalyptus alba, showing sterile seeds, (a and b) and fertile seeds (c). The per- 
centage of normal seeds in Eucalyptus is rather low, and the two types of sterile seed shown 
here are very common. Only the ovary cells located towards the base of the ovule are fertile. 


“ai | SHE genus Eucalyptus is endemic 
in Australia. It is extremely poly- 
morphic, several hundreds of spe- 

cies and their varieties having been de- 

scribed. Many of these have been intro- 
duced into other countries and are now 
cultivated in a great diversity of soils 
and climates. In Brazil eucalyptus is 
playing a prominent role in the refores- 
tation of extensive areas; especially in 
the State of Sao Paulo, its economic im- 
portance is constantly increasing. It is 
estimated that some 400 million trees 
have been planted in this State, furnish- 
ing firewood for railroads, homes and 
industries, as well as charcoal, posts and 


raw material for many other purposes. 

The great success in the establishment 
of this genus in Brazil is mainly due to 
the energy and persistence of one man, 
the late Dr. Edmundo Navarro de An- 
drade. As head of the Forestry Depart- 
ment of the Paulista Railroad Company 
for nearly forty years, he did pioneer 
work in the introduction and regional 
study of over one hundred species, 
selecting the outstanding ones and in- 
structing others how to cultivate and 
use them to their best advantage. As a 
result of his work, the Paulista Railroad 
Company now owns over 38 million 
trees, covering an approximate area of 


*Head, Genetics Division, Instituto Agrondmico, Campinas, S. P. Brazil, and Head, Genetics 
Division, Forestry Department, Cia. Paulista de Estradas de Ferro, Rio Claro, S. P. Brazil, re- 
spectively. Special acknowledgements are due to Dr. Theodore Grant for reading the manu- 
script and for having furnished useful suggestions during its preparation. 
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37,800 acres distributed in scattered 
plantings along their main tracks. 

The central Experiment Station is lo- 
cated at Rio Claro, about 120 miles 
away from the State Capital, where the 
forestry department’s headquarters, a 
museum and the laboratories for breed- 
ing, technology, entomology and seed 
testing are established. The Company 
also owns seventeen other Stations lo- 
cated in regions of different soil types 
and climates, where Dr. Navarro started 
his extensive studies on regional adap- 
tation of the main eucalyptus species. 

In 1941 in Washington, D. C., Dr. 
Navarro was awarded the “Meyer 
Medal” in recognition for his outstand- 
ing work with eucalyptus in Sao 
Paulo.!:!2, While in the United States, 
he was impressed with recent advances 
in forestry research, particularly in the 
field of breeding. He returned to Brazil 
convinced that his work on eucalyptus 
should be continued along new lines of 
approach and he invited the senior au- 
thor to outline a program for the genetic 
improvement of the main economic spe- 
cies of Eucalyptus. Unfortunately death 
came to Dr. Navarro shortly after ap- 
proving this new program of research in 
1942. His successor however, Dr. Ar- 
mando Navarro Sampaio, has recog- 
nized the value of the program and has 
made the necessary funds available for 
the development of a large scale breed- 
ing project and other studies. In a re- 
cent address at the Paulista Agronomy 
Association!® Dr. Navarro Sampaio pre- 
sented a general summary of the work 
accomplished at the Company’s For- 
estry Department under his administra- 
tion. 

In the present article the writers have 
attempted to briefly summarize the re- 
sults obtained from the program of re- 
search planned and started in 1942.5 


Main Lines of Investigations 
In general it was believed that the 
improvement work should not limit itself 
simply to mass selection or pedigree 
breeding, but modern methods and tech- 
niques should be employed and a series 
ot investigations of fundamental impor- 
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FLOWER STRUCTURE 


Figure 12 
Longitudinal cross-section of flower buds 
show differences in the position of the stamens. 
Two species are shown here: E. robusta (a) 
and E. umbellata (b). 


tance should be carried out. Thus the 
main lines of investigations have in- 
cluded consideration of: taxonomy ; 
flower morphology and biology; seed 
constitution ; cytology ; genetics ; vegeta- 
tive propagation; species trials and 
breeding. 
Taxonomy 


It is obvious that the breeder must 
have a broad and detailed knowledge of 
the botanical diversity of the material he 
is working with. Therefore one of the 
first steps was to make a thorough sur- 
vey of the species collections existing at 
the main Forest Station in Rio Claro 
and at several other regional Sta- 
tions. Maiden’s and Mueller’s standard 
works®719,11 and particularly W. F. 
Blakely’s Key to the Eucalyptus? were 
used to pick out the most characteristic 
trees of each species. The old herbarium, 
given by Dr. Maiden to Dr. Navarro, 
and maintained at Rio Claro has been 
complemented with many further speci- 
mens prepared wiih material collected 
from these trees. The new nomencla- 
ture, proposed by Blakely, has been 
adopted and several species renamed. 
In the course of this taxonomic survey, 
interesting data on the variability of 
many characters have been gathered. 
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FLOWER STRUCTURE 
Figure 13 


Infloresence of E. robusta showing one emasculated bud. Emasculation is achieved by mak- 
ing a circular incision with a razor blade just below the abcission layer of the operculum. Both 
the operculum and the stamens can then be removed with one operation. 


This information has proved to be very 
useful in the breeding work. 

The genus Eucalyptus now comprises, 
according to Blakely, 472 species and 
133 varieties, besides 33 hybrids. How- 
ever, as this classification is based only 
on purely morphological characters, it 
may be expected that as cytological and 
genetic data and information on the de- 
gree of natural crossings are obtained, 
there may be reason to decrease the 
present number of species, as many may 
eventually be recognized as mere varie- 
ties or even genotypes of other poly- 
morphic species. It is hoped that the 
joint attack by these various lines of in- 
vestigations will also throw light on the 
evolutionary processes which have oc- 
curred in this genus. 


Flower Morphology and Biology 


A knowledge of the morphological 
structure of the flower is of special im- 


portance in the development of efficient 
methods of selfing and crossing and also 
for the study of pollen transmission. A 
preliminary survey of the species collec- 
tion revealed an extraordinary variation 
in flower structure. The size and shape 
of the two opercula vary from species 
to species; in some species the calyx 
tube is very short, in others it is com- 
paratively long. The mode of the inser- 
tion of the stamens, the length and shape 
of the style, the length and position— 
erect or bent (Figure 12)—of the sta- 
mens and the size, shape and mode of 
dehiscence of the anthers are some of 
the other characters which also show 
great diversity. 

To study the biology of the eucalyptus 
flower a detailed plan was worked out 
which included the following determina- 
tions: time and mode of separation of 
the 2nd operculum (which is a modifica- 
tion of the corolla) and the effect of the 


135 


SIX YEAR OLD EUCALYPTUS 
Figure 14 


Tree of Eucalyptus saligna growng on the Rjb Claro Experiment Station in the state of 
Sao Paulo, Brazil. These six-and-one-half year old trees demonstrate why, in a region very 
short of wood, an Australian genus has achieved a place of very great importance. Hybridiza- 
tion and selection of extra-vigorous and well adapted strains may further increase the growtl 
rate of this vigorous species. 


v 
n 
b 
n 


ao (3170 9 


AY. 
j 


Krug and Alves: Eucalyptus Improvement 


weather on bud opening; anther move- 
ments after the dropping of the oper- 
culum; time of anther dehiscence; pos- 
sibilities of self pollination in still closed 
buds; receptivity of the stigma; polli- 
nating agents (insects, wind), etc. 

So far the following observations have been 
made: The period which elapses from bud ap- 
pearance to mature fruits varies from species 
to species, lasting six to eight months for F. 
alba and E. umbellata, thirteen months for E. 
saligna and as much as fifteen months for 
E. citriodora. The first operculum of this lat- 
ter species and also of E. maculata has thicker 
walls and also drops much later than in the 
majority of other species. The second oper- 
culum separates itself from the calyx tube at 
its abscission layer and on dry, sunny days 
drops in about five hours. Among the species 
with bent filaments a significant variation was 
found with respect to the velocity of their ex- 
pansion. In the species with a deep nectary 
(long calyx tube), as in E. citriodora and E. 
propinqua, the anthers are tightly held to- 
gether and even on dry days require about 
one hour to expand. In species with a shal- 
low nectary (E. alba, E. punctata, etc.), how- 
ever, the expansion of the filaments follows 
immediately after the dropping of the oper- 
culum. The time of dehiscence of the anthers 
depends on air humidity, occurring shortly af- 
ter the expansion of the filaments on dry days 
and somewhat later on moist ones. In com- 
pletely closed buds no pollen has been so far 
observed, but anther dehiscence may already 
occur at a time when the operculum is still 
loosely attached to the bud. The stigma does 
not seem to be receptive shortly after bud 
opening, as a characteristic exudation ‘indica- 
tive of receptivity only appears on it one to 
four days afterwards. Self-pollination in still 
closed buds, even in the type of flowers with 
erect anther filaments, is highly improbable. 
The pollen is very tight and produced in great 
abundance; it is believed that both insects, 
especially bees, and wind promote self- and 
cross-pollination. 

Little is known concerning the degree of 
natural cross-pollination between different 
species. Some of them seem to cross freely, 
judging by the occurrence of many intermedi- 
ate types; others, however, in spite of flower- 
ing at the same time and growing side by 
side, do not show any indications of cross- 
pollination, some special, so far unknown iso- 
lating mechanism being responsible for this 
phenomenon. The finding of a recessive al- 
bino seedling type in nine progenies of E. 
alba offered a possibility of calculating the 
degree of intra-specific cross-fertilization in 
this species. Using the percentage of white 
seedlings, which averaged 5.7% (2.4 to 8.5%), 
and assuming that this mutant is determined 
by one pair of recessive genes, it may be con- 
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cluded that, approxmiately, 77.2% cross-polli- 
nation occurred. Further observations will be 
made in order to obtain more accurate data 
on this subject. 

Methods of emasculation have been varied 
according to the structure of the flower. In 
flowers with erect stamens, the scissors de- 
signed for the emasculation of coffee flowers* 
can be used, by providing a larger opening in 
their blades. A longitudinal incision made 
with a knife in the operculum further helps to 
remove it. In the species with bent filaments, 
the operculum may be eliminated by hand 
and the stamens carefully taken out with a 
forceps. A circular incision also may be made 
with a razor blade just below the abscission 
layer of the operculum, thus removing with 
one single operation, both the operculum and 
the stamens (Figure 13). Artificial pollina- 
tion should be carried out two to four days 
after emasculation. 

A limited number of artificial crosses were 
made in 1947 and 1948, the results, as a whole, 
having been much more satisfactory, than 
with the selfings. 


Self Sterility 


The results obtained with artificial 
selfings, protecting the flowers with pa- 
per bags and sometimes even pollinat- 
ing them artificially with a small brush, 
have so far been a complete failure. The 
results were also negative even when 
pollen from newly opened flowers was 
applied to receptive stigmas of other 
flowers on the same tree. During the 
years 1945, 1946 and 1947 the following 
results of self pollination were obtained 
(Table I): 


TABLE I. Resutts of self-pollination. 


No. of No. of No. of No. of 

Species selfed fruits fertile seedlings 

flowers harvested seeds harv. obtained 
ft. aiba 5,738 590 29 3 
E. robusta 693 62 6 0 
E. citriodora 831 0 0 0 
E. umbellata 125 50 0 0 
E, maculata 167 2 5 0 
E. grandis 75 21 24 6 
F. punctata 43 0 0 9 


The percentage of seed setting was 
therefore extremely low, considering 
that normally about twenty fertile seeds 
are formed in each fruit. Only nine 
seedlings were obtained, and these were 
extremely weak and soon died, in spite 
of special care given to them. The mech- 
anism of this high degree of self-sterility 
is not yet known. 
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PRECOCIOUS FLOWERING OF GRAFTED PLANTS 
Figure 15 


A shows a four month old cleft-graft of E. umbellata. B shows a four year old cleft-graft 
of E. alba that was pruned at 15 months and flowered at 18 months after grafting. By such 
means it is hoped to be able to speed up investigation of the genetics of this species and to get 


many new hybrids. 


Seed Constitution 


In examining the seeds of any Euca- 
lyptus species, one is impressed by its 
general heterogeneity. E. alba seeds, for 
instance, observed with a low powered 
lens, include at least three different types 
(Figure 11 a-c): a) long reddish ones, 
about 1 mm. length; b) narrow, semi- 
circular ones of somewhat darker color 
and finally, c) almost black ones of varied, 
spherical shape. Longitudinal cross sec- 
tions of almost mature ovaries revealed 


that the long reddish ones develop on the 
top of the ovary cells, probably represent- 
ing atrophied ovules ; the narrow ones are 
located just below these and seem to be 
normal, but not fertilized ovules; the 
only “normal” seeds with embryo and 
endosperm are the spherical ones locat- 
ed at the bottom of the ovary cells. It 
was found that the relative frequencies 
of these three types of “seeds” vary con- 
siderably from species to species and 
even from tree to tree, the percentage of 
normal seeds, usually being very low, 
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SOMATIC CHROMOSOMES 
Figure 16 


Metaphase plate in root tip of E. citriodora 
(2n = 22). 


around 6 to 8%, in weight, the highest 
percentage having been found for E. 
maculata, with about 40%. Considering 
the intra-specific variation in the per- 
centage of normal seeds, it is concluded 
that in the breeding program, selection 
should be made of mother trees with a 
high percentage of normal seeds. 


Chromosomal Constitution 


Very few data could be found in the 
literature concerning the cytological con- 
stitution of Eucalyptus species. Sugi- 
ura!5 determined 2n=20 in E. globulus 
and E. citriodora; McAuley, Cruick- 
shank and Bnett® determined n=11 for 
E. globulus and E. Johnstoni; the first 
two authors published another article a 
year later®, having found the same chro- 
mosome number for eight other species. 
Smith-White! has examined the follow- 
ing species and varieties of Eucalyptus, 
for which also n=11 was determined: 


E. ficifolia 

E. ficifolia var. Guilfoylei 

E. gummifera 

E. incrassata 

E. haemastoma 

E. sideroxylon var. rosea 

E. paniculata 

E. dives 

During microsporogenesis of some of them 

slight irregularities were found, as secondary 
associations and the occurrence of non-dis- 
junction and lagging at anaphase I, apparent- 
ly due to failure of terminalization of chias- 
mata. He suggests that secondary associations 
at meiosis may indicate that these species de- 
rive from a basic chromosome set of seven. 


139 


A general survey is planned to be made on 
all Eucalyptus species existing in local collec- 
tions, 20=22 having so far been determined 
in root tips of E. citriodora, Hook, Mich. 
(Figure 16), E. alba, Reinw., E. maculata 
Maiden and E. saligna Sm. The chromosomes 
are small (1 to 2.5 micra) and either rod- or 
v-shaped. 

Artificial tetraploids are also planned 
to be obtained through colchicine treat- 
ment and the tetraploids will be used for 


the production of triploids. 
Genetics 


Practically nothing is known about the 
genetics of this genus, as is the case with 
most forest trees. Considering, however, 
that Eucalyptus species grow rapidly un- 
der local environmental conditions, flow- 
ering in about two to four years after 
germination, it was decided to include 
some genetic analysis in the program, as 
well as a general study on the degree of 
heterozygosity of the selected trees of 
some of the species. Another important 
aspect will be the study of the degree of 
heterosis in interspecific hybrids. 

In old plantations and in nurseries a 
number of variants have been found, 
which are of interest for genetic analy- 
sis: semi-dwarf plants; albinos; plants 
with fasciated branches, etc. The previ- 
ously discussed difficulties in obtaining 
selfed seed will, of course, be a serious 
handicap in these investigations. It is 
also planned to make numerous interspe- 
cific hybrids to study the genetic and 
cytological interrelations between these 
species. 


Vegetative Propagation 


A study of methods of vegetative 
propagation was undertaken in order to 
establish clonal material of selected in- 
dividuals. The rooting of cuttings, even 
with the use of hormones, has to date 
been unsuccessful; but cleft-grafting, 
first tried at the Coffee Division of the 
Instituto Agrondmico de Campinas, has 
given good results, about 20% of the 
grafts having grown into normal trees. 
These are annually pruned, to be easily 
used for selfing and crossing. 

(The second part of this article will appear 
in the June issue; this will include literature 
references.) 
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